A Gram-stain-negative, non-motile, pale yellow, rod-shaped bacterial strain, YW14
A Gram-stain-negative, non-motile, pale yellow, rod-shaped bacterial strain, YW14
T , was isolated from soil and its taxonomic position was investigated by a polyphasic study. Strain YW14 T did not form nodules on three different legumes, and the nodD and nifH genes were not detected by PCR. Strain YW14 T contained Q-10 as the predominant ubiquinone. The major cellular fatty acid was C 18 : 1 v7c. Phylogenetic analyses based on 16S rRNA gene sequences and seven housekeeping gene sequences (recA, atpD, glnII, gyrB, rpoB, dnaK and thrC) showed that strain YW14 T belonged to the genus Rhizobium. Strain YW14 T showed 16S rRNA gene sequence similarity of 93.4-97.3 % to the type strains of recognized species of the genus Rhizobium. DNA-DNA relatedness between strain YW14 T and the type strains of Rhizobium sullae IS123 T and
Rhizobium yanglingense CCBAU 71623 T was 19.6-25.7 %, indicating that strain YW14 T was distinct from them genetically. Strain YW14 T could also be differentiated from these phylogenetically related species of the genus Rhizobium by various phenotypic properties. On the basis of phenotypic properties, phylogenetic distinctiveness and genetic data, strain YW14 T is considered to represent a novel species of the genus Rhizobium, for which the name Rhizobium flavum sp. nov. is proposed. The type strain is YW14 T (5KACC 17222 T 5CCTCC
AB2013042 T
).
The genus Rhizobium was proposed for a group of fastgrowing, nodule-forming bacteria. The first description of the genus Rhizobium as root-and/or stem-nodule bacteria, was from Frank (1889) . At the time of writing, this genus is an evolutionary lineage within the family Rhizobiaceae of the class Alphaproteobacteria (Lee et al., 2005) , and contains more than 65 species including the recently described Rhizobium subbaraonis (Ramana et al., 2013) and Rhizobium tarimense (Turdahon et al., 2013) . Members of the genus Rhizobium have generally been isolated from nodules in leguminous plants (Wei et al., 2003; Peng et al., 2008) . However, some species of the genus Rhizobium have also been isolated from other sources (Yoon et al., 2010; Zhang et al., 2011; Zhang et al., 2012; Ramana et al., 2013; Turdahon et al., 2013) by means of the standard dilution plating technique. 'Rhizobium halotolerans' AB21 isolated from chloroethylene-contaminated soil in Korea has also been described recently, but the name is not yet validly published (Diange & Lee, 2013) .
Organophosphorus (OP) insecticides are a group of highly toxic agricultural chemicals that are widely used to control a wide range of insect pests. OP poisoning is a worldwide health problem with around 3 million poisonings and 200 000 deaths annually. Although OP insecticides are banned in most developed countries, they are still widely applied in developing countries for the control of major 3These authors contributed equally to this work.
agricultural pests (Sawaya et al., 2000) . Triazophos is one of the most widely used OP insecticides usually detectable in the environment (Chen et al., 2014) . In this study, a bacterial strain, YW14 T , capable of using triazophos and its intermediate 1-phenyl-3-hydroxy-1,2,4-triazole (PHT) as its sole carbon source for growth was isolated from soil under the long-term application of triazophos in China. This strain could completely degrade 100 mg triazophos l 21 or 100 mg PHT l 21 to non-detectable levels in 24 and 48 h, respectively. The aim of the present study was to determine the exact taxonomic position of strain YW14 T by using a polyphasic approach that included determination of phenotypic properties, phylogenetic investigations based on 16S rRNA gene sequence and seven housekeeping gene sequences, and genetic analysis. This is, to our knowledge, the first species of the genus Rhizobium isolated from soil under the long-term application of triazophos.
Strain YW14
T was isolated by means of the standard dilution plating technique at 30 u C on TY medium (5 g Bacto tryptone l
21
, 3 g yeast extract l
, 0.6 mM CaCl 2 , pH 7.2). The type strains of three species of the genus Rhizobium were used as reference strains for DNA-DNA hybridization, tests of physiology and biochemistry, and fatty acid analysis: Rhizobium sullae IS123 T , Rhizobium yanglingense CCBAU 71623
T and Rhizobium soli JCM 14591 T . These reference strains and their features were compared with strain YW14
T under the same laboratory conditions.
Cell morphology and motility were observed by phasecontrast microscopy and transmission electron microscopy using cells from the (BX51 microscope; Olympus) early exponential phase grown on TY (H-7650; Hitachi) medium at 30 u C for 3 days. The temperature range for growth was determined between 5 and 40 u C with intervals of 5 u C on TY medium. The initial pH range for growth (pH 4.0-10.0, with intervals of 0.5 pH unit) was determined using TY medium. The salinity range that supported growth was determined at various NaCl concentrations (0-8 %, w/v, with intervals of 0.5 %) on TY medium. Salinity and pH range experiments were conducted with an incubation temperature of 30 u C.
Gram staining was performed as described by Smibert & Krieg (1994) . Physiological and biochemical tests were performed for 3 days using API 20NE and API 30GN strips (bioMérieux) according to the manufacturer's instructions. A nodulation test was carried out in a test tube containing a quarterstrength nitrogen-free plant nutrient solution (Vincent, 1970; Zhang et al., 2012) . Three legume plant species were selected: soybean (Glycine max), clover (Trifolium repens) and lucerne (Medicago sativa). The selected seeds were immersed in 70 % ethanol for 5 min, and in 0.1 % HgCl 2 for 3 min; the seeds were then washed five times with sterile distilled water. The seeds were put in darkness (30 u C) for germination until they were budding. Surface-sterilized germinated seedlings were planted aseptically in individual tubes after being immersed in 1 ml TY broth containing approximately 10 4 cells ml -1
for 30 min. Plants were grown at 25 u C for 6-8 weeks in an artificial climate chamber. Non-inoculated seedlings were used as controls and were cultured under the same conditions.
Cells of strain YW14 T were Gram-stain-negative, aerobic, non-motile, non-spore-forming rods, 0.5-0.8 mm wide and 1.5-2.2 mm long. Colonies on TY medium were circular, convex, pale yellow and opaque, with a diameter of 1.2-2.0 mm within 3 days at 30 u C (Fig. S1 , available in the online Supplementary Material). Growth occurred on TY medium supplied with 0-4 % NaCl (optimum, 0.5 %), at 10-40 u C (optimum, 30 u C) and at pH 6.0-10.0 (optimum, pH 7.0). Other phenotypic properties of strain YW14
T are given in the species description and in Table 1 . No nodule formation was observed in three repeated experiments (not shown). Even when high-dosage inoculation of strain YW14 T was used on the root hairs, no swollen tissues appeared.
Genomic DNA was extracted according to standard procedures (Sambrook & Russell, 2001 ). Amplification of the 16S rRNA gene was performed with the primer pair 27F (59-GAGTTTGATCMTGGCTCAG-39) and 1492R (59-ACG-GYTACCTTGTTACGACTT-39) presented by Lane et al. (1985) . PCR amplifications of the housekeeping genes, recA, atpD, glnII, gyrB, rpoB, dnaK and thrC were performed using the protocol described by Martens et al. (2007) using the primers listed in Table S1 . PCR amplifications of nodD and nifH genes were performed by using primers and conditions described by Poly et al. (2001) or Rivas et al. (2002) . The 16S rRNA, atpD and recA gene sequences of strain YW14
T were aligned with relevant sequences retrieved from GenBank using the CLUSTAL W program included in the MEGA5 package. Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Fitch, 1971 ) methods, with bootstrap values based on 1200 replications (Felsenstein, 1985) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1980 (Kimura, , 1983 
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Azorhizobium caulinodans ORS 571 T (AP009384) Fig. 1 . Phylogenetic analysis based on 16S rRNA gene sequences available from the NCBI database (accession numbers in parentheses) reconstructed after multiple alignments of data and showing the position of YW14 T in the genus Rhizobium.
Distances were calculated and clustering with the neighbour-joining method performed by using the software package MEGA version 5.0. Numbers at nodes are percentage bootstrap values based on 1200 resampled datasets; only values above 50 % are given. Bar, 1 % sequence dissimilarity.
and R. yanglingense CCBAU 71623 T , respectively, and of 93.3-96.9 % to the type strains of the other species of the genus Rhizobium. In the neighbour-joining tree based on 16S rRNA gene sequences, strain YW14
T fell within the clade comprising species of the genus Rhizobium, particularly forming a cluster with R. soli JCM14591 T (Fig. 1) . In the phylogenetic tree reconstructed using the maximumlikelihood algorithm, strain YW14
T also fell within the clade encompassed by the genus Rhizobium (Fig. S2) . PCR amplification and sequencing of partial atpD (541 bp), recA (604 bp), glnII (671 bp), gyrB (718 bp), rpoB (943 bp), dnaK (336 bp) and thrC (676 bp) genes were completed, but the nodD and nifH genes were not detected by PCR in strain YW14 T . The sequence similarity between the different type strains representing species of the genus Rhizobium ranged from 84 to 93 % for the atpD gene, 78 to 98 % for recA, 84 to 96 % for glnII, 76 to 97 % for gyrB, 82 to 99 % for rpoB, 81 to 98 % for dnaK and 79 to 92 % for thrC. In neighbour-joining trees based on atpD and recA gene sequences, strain YW14 T formed distinct phylogenetic lineages within the clade comprising species of the genus Rhizobium (Figs S3 and S4). Sequence analyses of the 16S rRNA, atpD and recA genes showed that strain YW14
T was phylogenetically related to the members of genus Rhizobium.
Isoprenoid quinones were extracted according to Collins et al. (1977) and separated by HPLC (Tamaoka et al. 1983) . The predominant isoprenoid quinone detected in strain YW14
T was Q-10. For cellular fatty acid analysis, strain YW14
T and the reference strains were harvested from TY plates after cultivation for 3 days at 30 u C. The fatty acids were extracted according to the standard protocol of the Microbial Identification System (Sherlock, MIDI). Analysis of the fatty acid methyl esters was performed by GC (6850, Agilent). Peaks were automatically integrated and fatty acid names and percentages were determined using the MIDI Sherlock MIS system (Library: TSBA6; Version, 6.0B) (Sasser, 1990) . The major fatty acids of strain YW14 T were C 18 : 1 v7c (79.5 %), C 16 : 0 (4.9 %), C 18 : 0 (2.2 %), C 18 : 1 v9c (1.9 %), 10-methyl C 19 : 0 (1.2 %) and summed feature 2 (C 12 : 0 aldehyde and/or unknown 10.928) (4.3 %). The fatty acid profiles of strain YW14
T and the three reference strains were mostly similar, although there were some differences in the proportions of some components ( Table 2 ).
The G+C content of DNA was determined by thermal denaturation (Marmur & Doty, 1962) with Escherichia coli K-12 used as a standard. The DNA G+C content of strain YW14
T was 62.8 mol%, which is within the range reported for the genus Rhizobium (57-66 mol%; Young et al., 2001) . DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) T represents a genomic species distinct from these four members of the genus Rhizobium (Wayne et al., 1987) .
The phylogenetic distinctiveness, together with the DNA-DNA relatedness data and differential phenotypic properties, is sufficient to allocate strain YW14
T to a species that is separate from recognized species of the genus Rhizobium. Therefore, on the basis of the data presented, strain YW14 T is considered to represent a novel species within the genus Rhizobium, for which the name Rhizobium flavum sp. nov. is proposed.
Description of Rhizobium flavum sp. nov.
Rhizobium flavum (fla9vum. L. neut. adj. flavum yellow, referring to the colony colour).
Cells are Gram-stain-negative, non-spore-forming, nonmotile, aerobic rods. Colonies on TY medium are circular, convex, pale yellow and 1.2-2.0 mm in diameter after incubation for 3 days at 30 uC. Growth occurs at 10 and 40 u C, with optimum growth at 30 u C; growth occurs at pH 6.0 and 10.0, optimal pH for growth is 7.0; growth occurs in the presence of 0-4.0 % (w/v) NaCl, with optimum growth in the presence of 0.5 % (w/v) NaCl. Nodulation is not observed on three different legumes and the nodD and nifH genes are not detected by PCR. Positive for catalase and oxidase. Urease and nitrate reduction are positive. H 2 S and indole are not produced. Aesculin and gelatin are hydrolysed, but casein, starch, tyrosine, and Tweens 40 and 80 are not. Utilizes D-glucose, D-arabinose, The type strain is YW14 T (5KACC 17222 T 5CCTCC AB2013042 T ), isolated from soil under the long-term application of triazophos in China. The DNA G+C content of the type strain is 62.8 mol% (T m ).
